Mycobacterial preparations have been used with limited success against cancer apart from superficial bladder cancer. Recently, a therapeutic vaccine derived from Mycobacterium vaccae has been given to patients with prostate cancer and melanoma indicating a possible beneficial effect on disease activity in such patients. We have recently initiated a series of randomized studies to test the feasibility and toxicity of combining a preparation of heat-killed Mycobacterium vaccae (designated SRL172) with a multidrug chemotherapy regimen to treat patients with inoperable non-small cell lung cancer (NSCLC) and mesothelioma. 28 evaluable patients with previously untreated symptomatic NSCLC and mesothelioma were randomized to receive either 3 weekly intravenous combination chemotherapy alone, or chemotherapy given with monthly intra-dermal injections of SRL172. Safety and tolerability were scored by common toxicity criteria and efficacy was evaluated by survival of patients and by tumour response assessed by CT scanning. The toxicity of chemotherapy was similar in the two groups. SRL172 caused mild inflammation at the injection site. In the group of patients randomized to receive chemotherapy combined with SRL172, there was a trend towards improved response rate (54% vs. 33%) with more patients in the combined arm receiving radical surgery and radiotherapy, improved median survival (9.7 months vs. 7.5 months) and improved 1 year survival (42% vs. 18%). SRL172 appeared to improve sleep (P = 0.08) and improved appetite (P = 0.01). There was no detectable change in serum cytokine levels for gamma-interferon and TNF-α before and after treatment. In patients with NSCLC and mesothelioma, there may be a beneficial interaction when chemotherapy is administered in combination with SRL172. Confirmation of this effect and further investigation is underway in a randomized phase III trial and in laboratory models.
annually. 80% of these are non-small-cell type (NSCLC). Pleural mesothelioma is a less common cancer arising from the serosa of the lung, the incidence of which is closely linked to asbestos exposure. The response rates to conventional chemotherapy for both these cancers ranges from 20% to 50%. Chemotherapy gives symptom palliation and improvement in quality of life for patients with these tumours and a small but real and reproducible improvement in survival for NSCLC tumours (Ellis et al, 1995) . Over the last 10 years, many new drugs with novel mechanisms of action have shown activity against lung cancer, but the survival rates are comparable to established agents (Webb and O'Brien, 1998) . There remains therefore a need for new strategies, one of which is the reexploration of immunotherapy. Therapeutic vaccination using nonspecific immunostimulants, e.g. intradermal BCG, has been tested in randomized clinical trials in lung cancer, but a clear benefit has never been shown for its use (Al-Moundhri et al, 1998) .
The hypothesis leading to this study was that chemotherapeutic agents could induce in vivo release of either tumour-specific or tumour-associated antigens from the treated tumour and that a non-specific immunostimulator could concomitantly boost tumour antigen recognition in patients who may be immuno-suppressed from their cancer. SRL172 is a suspension of heat-killed Mycobacterium vaccae which is currently undergoing clinical evaluation in humans. Immunological effects have been observed in patients with prostate cancer and melanoma (Hrouda et al, 1998; Maraveyas et al, 1999) . Randomized phase II trials to study the clinical and immunological effects of SRL172 in patients with cancer have been carried out at the Royal Marsden Hospital, with a view to developing it as an immunological adjuvant for tumour treatments. In this study, the feasibility, toxicity and clinical effects of combining intradermal SRL172 with intravenous chemotherapy were assessed in a cohort of patients presenting with advanced, inoperable lung cancer or mesothelioma.
PATIENTS AND METHODS
29 previously untreated patients with histologically or cytologically verified symptomatic NSCLC, or mesothelioma, were randomized to receive either intradermal SRL172 given concurrently with A randomized phase II study of SRL172 (Mycobacterium vaccae) combined with chemotherapy in patients with advanced inoperable non-small-cell lung cancer and mesothelioma 2 on course 1, 2, 4 and 6, vinblastine 6 mg/ m 2 (maximum dose 10 mg) and cisplatin 50 mg/m 2 ) and 14 patients received the same chemotherapy combined with SRL172. Chemotherapy was given at 3 weekly intervals for a maximum of 6 courses and SRL172 was given intradermally prior to the first chemotherapy and then at monthly intervals for the first 3 injections, then at 3-6 monthly intervals thereafter. Antiemetics were routinely prescribed but dexamethasone was omitted for the first course in those who received SRL172.
SRL172 was formulated as a suspension of 10 mg/ml heat killed Mycobacterium vaccae in borate buffered saline (pH 8) and provided in 3 ml glass vials at a concentration of 10 9 bacilli per 0.1 ml dose and stored refrigerated at 4°C in the pharmacies of both hospitals taking part in the trial. Serum cytokine levels of TNF-alpha, gamma-interferon and IL-10 were measured by ELISA pre-and post-treatment (1 month after the end of the chemotherapy) using the supplier protocol (R&D Systems, Abingdon, UK).
RESULTS
Patient characteristics are shown in Table 1 . The two groups were well balanced with regard to performance status, age and sex, but there were slightly more patients with adenocarcinoma in the chemotherapy alone group (2 versus 5). One patient in the combined treatment arm was not eligible for entry into the study because of the presence of renal failure and ongoing immunosuppressive therapy prior to treatment.
There were 20 male and 9 female patients. WHO performance status (PS) was as follows; 9 patients were PS 1, 19 patients were PS 2, 1 patient was PS 3. A total of 9 patients had mesothelioma and 20 had NSCLC. The majority of patients were stage IIIB or stage IV, with 2 patients stage IIIA. The median age was 60 years (range 33-71 years).
At the time of randomization, all patients had symptoms requiring treatment. These consisted of cough, dyspnoea and/or pain. Following injection of SRL172, there was no treatment related toxicity, except for some induration at the injection site. In the group treated with chemotherapy plus SRL172, on the intention to treat analysis (ITT) there was a trend towards an improved median survival was 9.4 months vs 7.5 months (P = 0.3), and looking at the patients evaluable for response (n = 28) there was also a trend towards improved response rate (54% vs. 33%, P = 0.3), improved median survival (9.7 months vs. 7.5 months, P = 0.235) and in the proportion of treated patients alive at one year (42% vs. 18%) compared with the group receiving chemotherapy alone (Figure 1: intention to treat survival analysis). Two patients in the combined treatment arm subsequently underwent potentially curative surgery and one patient had radical radiotherapy.
Treatment toxicity is shown in Tables 2 and 3 and was comparable in the two groups of patients. SRL172 appeared to improve sleep (P = 0.08) and improved poor appetite (P = 0.01). Full quality of life assessment has not been analysed as the numbers of patients returning repeat questionnaires was small. There was one treatment related death in the group receiving SRL172 and chemotherapy. A patient with Poland's syndrome (congenital absence of the chest wall) with a stage IV adenocarcinoma developed a chest infection after 4 courses of chemotherapy. Initially he was neutropenic but this quickly resolved. His disease was responding on assessment of the measurable mass on his sternum. The lung cancer was on the R side -the side of this absent chest wall, the infection was mostly on this side also. We felt the cause of death was a chest infection in this hypoventilated lung but underlying progressive disease could have contributed. Permission to do a post-mortem was not given after his death. Of the patients with mesothelioma, 2/4 had PR in the combination group compared with 1/5 in the chemotherapy alone group.
Serum cytokine levels of TNF-α, γ-interferon (γ-IFN) and IL-10 were measured by ELISA (R&D systems) pre-and post-treatment at 1 month after the end of the chemotherapy (Table 4 ). There was no statistical difference between the 2 treatment groups (chemotherapy and chemotherapy + SRL 172) at baseline for the γ-IFN and TFN-α serum levels (P = 0.2 and P = 0.9 respectively, two-tailed P value, Mann-Whitney U-test). Baseline levels were also compared between responders and non-responders irrespective of the treatment group as possible prognostic factors. There was no difference in the serum levels of γ-IFN (P = 0.76, MannWhitney U test, 2 tailed P value) but the serum levels of TNF-α at baseline were lower in the responders group (mean 37.9 pg/ml) compared to the non-responders group (mean 45.8 pg/ml), (P = 0.01, two-tailed P value, Mann-Whitney U-test). However the P value became non-significant when it was corrected for the number of comparisons done in the study (× 14) using the Bonferoni correction: P = 0.14. In addition there was no difference, when baseline cytokine levels were compared to post-treatment levels (P values are shown in the last column of Table 3 ). IL-10 was detected in the serum of only 30% of patients (the IL-10 serum levels of the rest of the patients were too low for the sensitivity of the assay which was 39 ng/ml in-house). There was no obvious correlation with response both at baseline or posttreatment.
DISCUSSION
The results of this randomized phase II study suggest a benefit by combining intravenous chemotherapy with intradermal injection of SRL172, heat-killed Mycobacterium vaccae, in patients with lung cancer. Combining cytotoxic drugs with immune-modulators is not a new concept (Mitchell, 1992) but there have been concerns that negative interactions might take place due to the myelosuppressive properties of many cytotoxic drugs. Cytotoxic drugs also preferentially kill cells in division, a hallmark of an activated immune system, and therefore could inhibit immune responses. However, the particular combination of cytotoxic drugs used in this study is not very myelo-suppressive at the doses prescribed in lung cancer patients and therefore the mycobacterium was given with the chemotherapy.
The cytotoxic drugs were administered according to the standard protocol at 3 weekly intervals, whereas we decided empirically to follow a monthly schedule with the Mycobacterium vaccae because of previous vaccination protocols with SRL172 designed for patients with melanoma, prostate cancer, tuberculosis and AIDS. Thus, one intradermal SRL172 injection was given concommitantly with the chemotherapy, the second boost was given one week after chemotherapy and the third was given 2 weeks after the chemotherapeutic drugs. Theoretically, the timing of the SRL172 injection in relation to the administration of chemotherapy may be relevant to any cytotoxic effects. Chemotherapeutic agents usually induce myelosuppression with a decrease in white blood cell count after 2 to 7 days with a rebound between 1 to 2 weeks. Thus the first 3 injections of SRL172 corresponded to different points in the chemotherapy cycle. The first injection was just before chemotherapy covering the time when early apoptosis may have been induced by chemotherapy (24 hours) (Ellis et al, 1997) . The second injection (day 7 post Other workers have suggested that SRL172 may be a nonspecific immunomodulator and that it may promote a predominantly Th1 type (cell-mediated) response (Grange et al, 1995) . For example, in a study of 10 patients with advanced prostate cancer who were treated with SRL172 alone, PSA levels were found to decrease in 2 out of 10 patients as a result of treatment (Hrouda et al, 1998) . The response in these patients correlated with increased intracellular IL-2 production in lymphocytes, a finding reported by the same group to occur in advanced melanoma patients (Maraveyas et al, 1999) . However, the mechanism of the possible anti-tumour effect is unclear. It has been reported that patients with malignant disease have defective Th1 cell function in association with elevated Th2 cell levels (Pellegrine et al, 1996) ; thus a change in the balance towards improved Th1 function may be of critical importance to the success of immunotherapy in cancer.
In the present study, we measured serum cytokines only. Serum cytokines levels of gamma-IFN and TNF-α were not different between the two treatment groups indicating that there was no bias of selection for these cytokine levels. However, there was a lower TNF-α serum level in the responders compared to the non-responders and at present we do not know if this could have prognostic significance. There was no correlation with response although serum cytokine changes could have been missed because of the timing of the assay or the lack of sensitivity of the assay as in the case of IL-10. We have just completed a subsequent study in mesothelioma patients treated with chemotherapy and SRL172. We found that the patients who responded to treatment had decreased level of IL-4 producing T lymphocytes and activation of natural killer (NK) cells (assessed by CD69 expression) with concomitant increase in NK cell number (BES, in preparation). However, we did not find an increase of IL-2-producing T cells in the responder patients. At this stage, we do not know if the immunological changes contributed to or were a consequence of tumour regression, or if they were simply due to SRL172 injection with no role in the anti-tumour process or, even, due to chemotherapy alone. Therefore the mode of action of SRL172 is still under investigation in our laboratory.
Reports of possible synergy between chemotherapy and immunotherapy date back to the early 1980s when the work of Hanna and Key demonstrated increased survival in guinea pigs bearing syngeneic L10 hepatocarcinoma cells when cytotoxic drugs were administered at the peak of the inflammatory response following tumour vaccination. They hypothesized that drug cytotoxicity was enhanced in the tumour if tumour architecture was disrupted by the inflammatory reaction, allowing better access of the drugs into the tumour (Hanna and Key, 1982) . Another possibility is that SRL172 may possess some true vaccine properties, and may express cross-reactive antigens with cancer cells. Obvious candidates for such cross-reactive antigens are heatshock proteins (hsp) which are highly conserved across species; thus mycobacterial hsp are likely to show homology with those known to be present on human tumour cells. Some hsps are highly expressed in cancer cells compared with normal cells (Ferrarini et al, 1992) and it might be anticipated that the hsp expression levels would increase after treatment with chemotherapy. This possibility is at present under investigation in our laboratory.
This study encouraged a large phase III randomized trial to test the hypothesis that there may indeed be a clinical interaction between SRL172 and combination chemotherapy in patients with non-small-cell lung cancer. Such a trial is now underway with a recruitment of 418 patients completed. The mean values for all responders (Resp) and non responders, (N.Resp) irrespective of the treatment are also shown for both cytokines (third, sixth, ninth and last line). *Paired Wilcoxon signed rank test.
